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Introduction
Adiposity is de ined as the accumulation of energy reserves within the adipose tissue. It is caused by caloric intake above the needed energy requirements for body metabolism. It refers to the excess of adipose tissue in the subcutaneous layer, known as adipose panicle, which stores 50% of the body fat. The adipose tissue is a differentiated connective tissue. It is formed by adipocytes, which have a thermal and illing function, and help in the maintenance of bodily structures and energy reserves (1, 2, 3) .
Adipose cells are remarkably diverse, depending on their site of concentration. Some cells are more ef icient in the absorption of excess calories into the bloodstream, while others release their stored energy to other tissues. This explains the higher resistance of some fat deposits to reduction (1, 4) . Adiposity gets stored in different regions of the body depending on sex, age, and metabolic, genetic, environmental and nutritional factors. Localized adiposity is not directly associated with obesity and can be present in nonobese individuals with fat accumulation in speci ic regions of the body (5) .
Obesity is classi ied into android and gynecoid according to fat distribution and location. In gynecoid obesity, there is a greater amount of fat cells in the gluteal and trochanteric region, but mainly in the abdominal region, as seen in the women who participated in this study (5) .
In the clinical setting, there are speci ic treatments that promote lipolysis at the application site (6) . One of these resources is electrical stimulation, which uses needles as electricity conductors. Electrical stimulation has already been presented in the literature as a technique that can help reduce localized adiposity and edemas, improve metabolic response, stimulate nerves and vessels, and has anti-in lammatory, vasodilating, and, above all, hydrolytic properties (7, 8) . The physiological effect of the application of the electrical current is explained by the activation of the sympathetic nervous system, which causes the release of catecholamines (epinephrine and norepinephrine). Catecholamines activate adrenergic receptors, leading to the release of adenylate cyclase and stimulating intracellular conversion of ATP into cyclic AMP, which brings about lipolysis (degradation of triglycerides into glycerol and fatty acids) (9) .
The low of electric current through the tissue generates an action potential difference between electrodes that is proportional to the electrical resistance of the tissue. This leads to an alteration of the permeability of the cell membrane due to the change of its polarization state. Additionally, the passage of electric current through the tissue elicits an increase in the temperature (Joule effect), inducing an anti-in lammatory and vasodilatory response. Increased circulation leads to increased cellular exchanges, nutrition, and elimination of toxins and fat degradation metabolites.
Methods

Study Population and Sample
This pilot, single-blind, randomized, controlled clinical trial was submitted to, and approved by, the Ethics Committee of the Federal University of Alfenas (UNIFAL), opinion number 508345. Prior to data collection, all volunteers were informed of the objectives and methods of the study, and agreed to participate in the trial. They all signed an informed consent form. The data were collected between April and June 2014.
Inclusion criteria were: being a female undergraduate student at the Federal University of Alfenas (UNIFAL, MG), aged between 18 and 30 years, Caucasian, and sedentary for at least the previous 2 months; having adiposity localized to the abdomen and lanks evidenced by a protrusion of the abdomen and lanks even during abdominal contraction while standing in the upright position; having normal vital signs (blood pressure = 120/80 mmHg, heart rate up to 100 beats per minute, and respiratory rate up to 20 breaths per minute), and with body mass index classi ied as normal weight (between 18.5 and 25 kg/m²) or overweight (between 25 and 30 kg/m²) (18) .
Exclusion criteria were having already undertaken or being currently on dermatological-functional treatment to reduce localized adiposity; having cardiac or respiratory diseases, diabetes mellitus, hypertension or cancer; being unable to give a sensitive feedback or showing changes in skin sensitivity; and missing three consecutive days of treatment.
The participants were instructed to maintain their eating and exercise habits until completion of data collection.
Data collection procedures: Assessment and Treatment
Data were collected using an assessment form developed by the researchers, which contained the following items: age, body mass index, smoking habits, alcohol consumption, body shape, and presence of grade 1 geloid ibrous edema in the abdominal area. Prior to data collection, we measured the vital signs (heart rate, blood pressure and respiratory rate) of the participants. In case of changes, the subject would be excluded from the trial.
The low-frequency current stimulates the ibrils of the connective tissue, improving skin tone (10).
Azevedo et al. (7) have measured localized abdominal adiposity using bioimpedance, perimetry and measurement of the abdominal fold before and after electrical stimulation associated or not with aerobic exercise training. They have found that electrical stimulation is effective in reducing body fat and waist circumference. Mello-Carpes et al. (11) , in turn, have assessed the ef icacy of percutaneous electrical stimulation in reducing the fat layer in the abdomen and lanks, by measuring the fat layer with the aid of ultrasound imaging and perimetric measurements. Their study has shown that percutaneous electrical stimulation was effective in reducing fat localized to the abdomen and lanks. We searched the literature in order to ind studies on the physiological effects of electrical stimulation, but found no studies analyzing these effects by using infrared thermography. Thus, this study aims to investigate electrical stimulation using this technique.
Infrared thermography is a simple, safe and noninvasive method that allows the understanding of the physiology of the human body thermoregulation in different situations (12, 13) . It displays an image based on the amount of heat (infrared radiation) emitted by the body (14) . Skin thermography is widely used in physical therapy to assess various treatment resources (15, 16, 17) .
Despite the lack of statistical data, there is a great demand for aesthetic and dermatological-functional treatments in clinical practice (2, 3) . Notwithstanding this demand, only a few treatments have been studied. There is a gap in the literature, especially with regard to the main stimulation parameters of electrical stimulation, which does not allow the performance of a procedure with adequate scienti ic support. There are only a small number of studies on this issue. It is therefore important to carry out studies to investigate the stimulation parameters of electrical stimulation, using objective measures such as skin thermography, in order to ensure its effective use in clinical practice.
This study aimed to investigate the effects of electrical stimulation on body fat localized to the abdominal region of young women, as well as the Joule effect of electrical stimulation regarding the increase in temperature and the consequent vasodilation and acceleration of the metabolism. In addition, it aimed to assess the anthropometric changes resulting from the treatments and compare them to the control group.
were performed by the same examiner (main investigator), and met all the prede ined data collection criteria.
Intervention procedures
Volunteers were randomly divided into two groups. The Intervention Group (IG) attended two sessions of electrical stimulation per week, for ive weeks (totaling 10 sessions) (7). Electrical stimulation was applied with the participant in the supine position, with the application sites free from clothing. First, the application site surface was sterilized with 70% ethanol. Then sterile needles (0.25 x 40 mm) were inserted into the subcutaneous tissue using four channels: two channels on the right and two on the left below the umbilicus. In total, 8 needles were used per procedure. Needles corresponding to the same channels were positioned 6 cm apart from each other. Only sterile needles were used in the treatment sessions. After insertion of the needles, we used an electric stimulator (HTM ® ), "normal mode" TENS, a 40-minute application time, 30Hz frequency, 250 microseconds pulse width and the participant's sensitivity threshold intensity (8) . The entire treatment protocol was carried out by the same researcher (assistant investigator).
The control group (CG) consisted of volunteers who were monitored during the same period of time and met all the inclusion criteria, but received no treatment. Figure 1 shows the lowchart of the study design and allocation of participants. Two researchers were involved in data collection: a main investigator (assessments) and an assistant investigator (intervention).
Perimetry
Perimetry was performed according to the standards recommended by GUIRRO and GUIRRO (2) , to identify the location of fat distribution in the body, as well as changes in body shape using a measuring tape. The tape was placed on the skin surface, but not too tight itting, on the umbilicus, two centimeters below the umbilicus, and two centimeters above the umbilicus. All measurements were performed by the same examiner (principal investigator).
Adipometry
Suprailiac and abdominal skinfold thickness were measured by lifting and folding the skin and fat with one's thumb and fore inger, detaching it from the muscle tissue. All measurements were performed three times, in the right hemisphere, with the subjects in the standing position. The result reported was the average of the three measurements (2) .
Perimetry and adipometry were carried out before the irst treatment session (baseline assessment) and after the last session (end point assessment). All measurements were performed by the same examiner (principal investigator).
Infrared Thermography
Thermal analysis was performed using an infrared camera (Flir Systems ® ) with digital image processing, thermal sensitivity of 0.08°C and spectral range of 3 -14 micrometers. We used the support software Velocity 2.3, with automatic calibration. The images were captured in a room with 22°C temperature (controlled by a thermometer), no sunlight and illuminated using cold light ( luorescent) bulbs. Participants were assessed in the standing position with the site of assessment free from clothing (13) . The camera was positioned 1.2 meters away from the site of assessment, with the reference being the umbilicus.
Thermographic images were taken before (baseline assessment), immediately after (immediate assessment), 15 minutes after the irst session (15 minutes assessment) and after the last session (end point assessment) for both groups. All thermographic assessments For the analysis of the photos, the abdominal region was divided into four quadrants (two upper and two lower) using the umbilicus as the center point. The average value obtained from the four quadrants was used for data analysis.
We irst performed a descriptive analysis to characterize the study participants. The sample was found to be normally distributed using the Shapiro-Wilk normality test, and then parametric tests were performed. We used the t test to compare pre-and post-intervention perimetry, adipometry and thermography betweengroup data. Comparative intragroup analysis of the four thermography assessments was performed using paired t test.
All data were analyzed using the statistical program SPSS (Statistical Package for Social Sciences) version 20.0. The signi icance level was set at 5% (p < 0.05).
Results
The initial sample consisted of 20 volunteers who were divided into two groups: an intervention group (IG = 10) and a control group (CG = 10). However, as one participant from the IG and three from the CG decided to leave the study at some point, the inal sample was composed of 16 participants (IG = 9 and CG = 7).
The mean age of the sample was 24.27 ± 4.59 years (IG = 24.22 ± 4.9; CG = 24.33 ± 4.24). The following clinical characteristics were analyzed: smoking habit, alcohol consumption, previous pregnancies, body shape, presence of abdominal geloid ibrous edema (GFE), and BMI. The values are depicted in Table 1 . The t test showed that there were no statistical differences between groups; both groups were considered similar with respect to the characteristics analyzed. The anthropometric data related to pre-and postintervention suprailiac and abdominal adipometry, and waist circumference, abdomen and lanks perimetry are shown in Table 2 . There was no statistical difference between the IG and CG regarding the decrease in abdominal measurements.
(To be continued)
Discussion
Electrical stimulation elicits physiological changes in the adipocyte, evokes changes in the polarity of the cell membrane, activates microcirculation, and improves skin tone and lipolysis (19) . The Joule effect elicits an increase in the temperature and contributes to an increase in local blood low and vasodilation, contributing to an increased metabolism, the burning of calories and an improved cell trophism (9) . The literature indicates that the temperature at sites with quantitatively higher amounts of fat tissue is usually lower than in other sites, so the use of certain resources is needed to stimulate blood low and increase the metabolism in the area (20) .
According to Guedes and Guedes (21) , changes in body fat distribution are an important morphological indicator of endocrine and metabolic complications. Individuals with higher concentrations of fat in the abdominal area have a higher incidence of diabetes mellitus, hypertension and dyslipidemia. We opted therefore to apply electrical stimulation to the abdominal area.
It is believed that the increase in cutaneous temperature after the use of functional and dermatological physical therapy resources is one of the main mechanisms to improve body shape and to reduce measures of adiposity. This is because local heating facilitates the spontaneous output of triglycerides -as fatty acid and glycerol -from the cytoplasm of fat cells into the bloodstream (6) .
A clinical trial whose objective was to analyze the behavior of fat cells in women undergoing electrical stimulation has found an increase in plasma levels of fatty acid and glycerol in the region close to the stimulated cells. This proves the release of such molecules and, consequently, the reduction in the volume of adipocytes in the body region that received the intervention (19, 22) . Blood tests were not performed in the aforementioned study. They would have probably improved the results found.
The effectiveness of electrical stimulation using TENS has been con irmed by Araújo et al. and Assumpção et al. (23, 24) . These authors claim that the stimulus generated by TENS devices was able to reproduce the same physiological effects as when classic electrical stimulation devices were used. This justi ies the use of TENS in this study.
With regard to the application technique, Mello et al. (25) assert that it is applied by insertion of smalldiameter needles into the adipose panicle or through the application of electrodes to the skin surface. Parient Thermographic indings are shown in Table 3 . We found statistical differences between groups in all assessments after baseline, regarding the increase in temperature. There were statistical differences in the IG but not in the CG. and End Point (p < 0.001).
Perimetry on the umbilicus
Regarding the thermographic data, there were intragroup statistical differences between baseline and the assessment immediately following intervention (p < 0.001); between baseline and 15 minutes assessment (p < 0.001); between immediate assessment and end point assessment (p < 0.001); and between the 15 minutes assessment and the end point assessment (p < 0.001). (Conclusion) in this study (30 Hz), and 50 min application time. The authors reported satisfaction with the new body shape acquired after using electrical stimulation (28) .
In a study with 10 volunteers who received six sessions of electrical stimulation, Paula et al. (29) have also found a signi icant reduction in waist circumference (about 2%).
According to Assumpção et al. (24) the adoption of a hypocaloric diet combined with aerobic physical activity can contribute to better treatment outcomes. In our study there was no such association because the participants maintained their eating habits and sedentary lifestyles, which has probably limited the results.
Most of the previous studies with electrical stimulation (7, 25) have used 10 treatment sessions and found positive results. We also used only 10 sessions and found positive results only in the thermographic assessment but not in anthropometric assessment. These data suggest that further treatment sessions could be conducted in order to enhance the effects of electrical stimulation and achieve better results with the use of this technique.
The different results found in the studies reported above may be associated with the use of different application techniques and stimulation parameters. Of note, the literature on this subject is still scarce. There are only a few randomized controlled trials with good methodological design. Thus, further studies on this topic are needed. The small size of the sample, the fact that some subjects left the study at some point, and the lack of studies and of standardization of current parameters are recognized as limitations of this study.
We recommend that further studies investigate the use of other current modulation parameters, as well as the complementation with other techniques, such as electrical bioimpedance, ultrasound imaging, among others, to assess the metabolic effects of the intervention.
Conclusion
We found that electrical stimulation evokes a signi icant increase in the temperature of the subcutaneous tissue. This results in an increased metabolism, and thus facilitates lipolysis. In the anthropometric assessment, however, there was no statistically signi icant differences before and after treatment. This is probably due to the small sample size. Thus, further studies are required to scienti ically prove the effects of electrical stimulation on abdominal fat and improve the provision of evidence-based care.
(26), however, claims that thicker needles show higher effectiveness than small-diameter needles. The author suggests the use of 0.25 to 0.30 mm diameter stainless steel needles with a length variation of 1 to 12 centimeters. He also suggests that the needles are separated by more than 5 centimeters for improved coverage of the area to be treated. Assumpção et al. (24) , on the other hand, asserts that the distance between needles should not exceed 10 centimeters in order to prevent the dissipation of current.
In this study electrical stimulation was performed with TENS, using 0.25 to 40 mm needles 6 centimeters away from one another, and at a frequency of 30 Hz, in accordance with the aforementioned studies. Scorza et al. (8) have used the same current, frequency and distance between needles and found a reduction of abdominal fat in the area to which electrical stimulation was applied. This inding was not repeated in the anthropometric data from this study.
Azevedo et al. (7) have used electrical stimulation at the acupuncture points E21 (Liangmen), E23 (Taiyi), E25 (Tianshu) and E27 (Daju), together with 10 treatment sessions (2 sessions per week for 5 weeks). Participants were divided into two groups: Group one (G1) consisted of 5 subjects who only received electrical stimulation, while Group two (G2) comprised 5 subjects who received electrical stimulation and performed aerobic training. The eletrical stimulation device was set at a frequency of 15 Hz, and the intensity was set according to the tolerance of the individual patient. There were favorable perimetry and adipometry results for both groups, and the most signi icant results were found for the G2. The study results have been optimized with the combined use of electrical stimulation and aerobic exercise, because the latter enhances tissue lipolysis and increases blood low, thus increasing cellular activity and the excretion of cellular metabolites (27) . In this study, however, no signi icant perimetry and adipometry results were found. It differs from the study by Azevendo et al. (7) in respect to the parameters used (frequency of 30 Hz, pulse width of 250 microseconds and 40 min application time), and because we did not use acupuncture points nor aerobic exercising.
Mello-Carpes et al. (11) have also found positive results. Their study has shown the reduction of infra-umbilical and umbilical perimetry measures after treatment with percutaneous electrical stimulation using the HVS electrical stimulation device (KW, National Industry of Electronic Technology Ltd.), 4 pairs of needles placed in the abdomen and lanks area, the same frequency used
